Empirical foundations for the view that high inflation impairs GDP growth are examined using annual data for 115 countries over the period 1960-1995. Taking into account country heterogeneity and time-specific symmetric shocks, as well as endogeneity of inflation and dynamics of GDP growth we estimate dynamic panel-data models of the effects of inflation on growth. We find no evidence supporting the view that inflation is in general harmful to GDP growth. On the other hand, there is a negative correlation between contemporaneous intra-country inflation and growth for periods characterised by positive oil-price shocks.
INTRODUCTION
The empirical literature on GDP growth and macroeconomic instability deals either with cross-section studies based on country averages over time or four to five years averages of panel data. 1 Examples include studies of the relation between GDP growth and macroeconomic indicators such as inflation and the fiscal stance (e.g. Fischer (1993) and Barro (1995) ). Barro reports a significantly negative correlation between inflation and GDP growth for average inflation rates above ten percent. Fischer finds a significantly negative correlation for the period after the early 1970s. Based on sensitivity analysis of cross-section regressions, Levine and Renelt (1992) found that cross-section results are unstable. This might be due to unobserved inter-country heterogeneity that is systematically correlated with explanatory variables, which leads to biased estimates even when using methods that exploit the time-series variations in the data; cf. e.g. Fischer (1993) who applied seemingly unrelated regressions.
Our purpose is to examine empirically the general relevance of two competing hypotheses. One is the "growth costs of inflation hypothesis". The second hypothesis suggests that GDP growth and inflation might be related in a non-causal manner. In particular, negative supply shocks tend to generate stagflation, that is a period of slower growth concurrently with higher inflation.
Analysing annual data for 115 countries, we find that the correlation between country averages of growth and inflation is extremely unstable, both with respect to significance and sign. A natural lesson, foreseen in previous studies, is that instead of using cross-section data or four to five years averaged panel data, one should fully exploit the richness of annual panel data and explicitly account for country heterogeneity and symmetric time-specific shocks. This is particularly important when dealing with strongly time-varying variables such as macroeconomic indicators for countries from all parts of the world over a long period of time. Available annual data on inflation and the rate of GDP growth allow for tests of causal relations, by using lagged values of the regressors in a dynamic panel data model.
Available panel-data analyses in the literature all use panels of four or five-year averages. One argument is to avoid high frequency variation in variables due to the business cycle. Arbitrarily chosen, four or five-year periods do not necessarily correspond to cycles in countries that are in different phases of a cycle. The aggregation over several years might capture a cycleaverage, but might as well create variation that is purely cyclical. To deal with the problem of cyclical variation we assume a general cyclical patternexactly as in the case of aggregated data over periods -across the sample and control for that by means of general time effects.
The second argument for using averaged data presented by Islam (1995) is to avoid serial correlation. Serial correlation leads to inconsistently estimated standard errors in a non-dynamic set-up and more seriously, inconsistent estimated coefficients in a dynamic set-up. Existence of serial correlation can be tested for, by using appropriate tests. The costs of aggregation appear in terms of i) losing information (within period variation), ii) restricting the possibility of testing the stability of estimated parameters over time, and iii) limiting the possibilities of studying the dynamic structure of the problem by using lagged variables. In order to avoid the drawbacks of averaged data, we estimate the impact of inflation on GDP growth with annual data.
Our main results are as follows. First, we detect a stable and negative contemporaneous intra-country correlation between inflation and growth for sub-periods characterised by oil price shocks. Second, examining the causal relation between inflation and GDP growth, our dynamic panel estimations on annual data do not support the hypothesis that GDP growth is in on average affected by past inflation. Our conclusion, based on these empirical results is that inflation is not generally harmful for growth.
The data are described in Section 2 and our estimation strategy is discussed in Section 3. Section 4 examines the heterogeneity of the relation between inflation and GDP growth. In Section 5 we deal with the contemporaneous correlation between inflation and growth, while Section 6 deals with causality and dynamic issues related to inflation and GDP growth.
Finally, Section 7 concludes the paper.
DATA
The original data set covers annual data for 115 countries for the period 1960-95. 2 The data constitute an incomplete panel due to missing observations; the actual sample contains 2,874 observations. We compute annual inflation rates using data on consumer price indices. The measure of short-term inflation variability is the standard deviation of inflation for each year, based on quarterly data. Our growth measure is the annual percentage change in GDP per capita. Table A1 in Appendix contains some statistics on inflation and growth for all the countries in the sample. 3 Table A2 summarises the sample statistics.
In the subsequent text and tables, Sample A refers to the entire sample and Sample B denotes countries with average inflation below 200 per cent and positive growth.
There is a considerable over-time variation in inflation. Among countries with average inflation between three and four per cent (176 observations), the standard deviation of annual inflation is 3.7 per cent, while the inflation rate varies between -1.9 and 26.2 per cent. On the other hand, among countries with average inflation between six and seven per cent (312 observations), the standard deviation is 6.4 per cent, while the inflation rate varies between -1 and 24.3 per cent. Even for the sample with average inflation as high as between 21 and 22 per cent (52 observations), maximum inflation never exceeded 37 per cent. The rate of growth is also strongly time varying. In our sample, the standard deviation of growth over time varies between 0.5 to 8 times average growth.
The data cover a number of countries with negative average growth 4 as well as countries with extremely high inflation. 5 Most of these are African or Latin American countries that have suffered civil wars or at least internal turmoil during a substantial part of the sample period. The rate of inflation, 2 Source IFS; see IMF (1996) . We excluded countries with less than three observations. 3 Averages are calculated with respect to years where we record both inflation and growth. 4 These countries are Ethiopia, Ghana, Guyana, Haiti, Liberia, Madagascar, Mali, Nicaragua, Niger, Romania, Senegal, Sierra Leone, Solomon Islands, Togo and Zaire. 5 Argentina, Bolivia, Brazil, Peru, Nicaragua and Zaire all have average inflation above 200 per cent. deficits and growth in these countries might all be due to these country-specific features.
To our knowledge, all previous studies use data that are averaged over four, five or ten-year periods. Figures 1 and 2 illustrate annual variation in the data for Sample B and countries with average inflation below ten percent.
Period averages neglect substantial information and limit the possibility of accounting for global time effects. Relations between macroeconomic variables and growth might be period-specific and using annual data instead of period averages allows us to examine the stability of the results over time.
The duration of cycles can vary across countries and time. Countries can be in different phase of a cycle in a given year. The aggregation over several years might capture an average over a cycle but can as well create variation that is purely cyclical. The latter can happen if the cut-off year is in the middle of a cycle that is longer that the period of aggregation. To deal with the problem of cyclical variation, we assume a general cyclical pattern across the sample and control for that by means of general time effects.
Using annual data has the following advantages: i) information on within period variation is used in estimation, ii) stability of estimated parameters over time can be tested, and iii) the dynamic structure of the problem can be thoroughly analysed by using lagged variables.
- Figure 1 and Figure 2 about here -
ESTIMATION ALTERNATIVES
We estimate the following model: 2,…,N and t=1,2,…,T i , where y it and X it are vectors of dependent and explanatory variables for country i in year t. The error term ε it can be decomposed into individual effects ν i , time effects ν t , and a random term ν it . The individual effects represent all omitted country-specific variables and the time effects represent all omitted variables that have symmetric effects on all countries. ρ is a parameter capturing potential persistence in the growth rate (it is assumed that |ρ| < 1).
Starting with the case when no persistence in the growth rate is assumed, i.e. ρ=0, there are several methods of estimating β. Such estimators have desired statistical properties under standard assumptions, especially given that the individual-and time effects are not correlated with the explanatory variables (see e.g. Hsiao (1986) ). However, if E(X it ν i ) ≠ 0 or E(X it ν t ) ≠ 0, then a between estimator (that is, OLS on country averages) is biased. All studies that use a between estimator -common in the macro and growth literaturepotentially suffer from this problem when it is not statistically established that the individual and time effects are uncorrelated with explanatory variables. An alternative estimator is the within estimator that treat the individual effects as fixed over time and the time effects as fixed across individuals. This is simply
, where X i. is the country average over time, X .t is the average across countries in time period t and X .. is the global average. 6 When E(X it ν i ) ≠ 0 or E(X it ν t ) ≠ 0, the within estimator, It is certainly quite interesting to examine the impact of these variables on the rate of growth. However, when studying the impact on highly time-variant macroeconomic variables, it is straightforward to 6 In our case, since the panel is incomplete, we use the transformation proposed by Wansbeek and Kapteyn (1989) as well as models including time dummies. It turns out that time dummies work equally well for our data. This can be due to the fact that missing observations in our data are concentrated in the 1960s and the panel is almost complete for the period after 1970. 7 It should be noted that the FGLS estimator of a random effects model which is a weighted average of between and within estimators, suffers from the same problem as the between estimator when explanatory variables are correlated with the individual and time effects. Moreover, the within estimator predicts effects within the sample and is appropriate when the sample represents a considerable part of the population, as is the case for our sample.
consider the individual effect, ν i , as time-invariant and control for all other country heterogeneity. This is a particularly suitable strategy in the case of annual data. The persistent level differentials in growth should most likely be due to more fundamental determinants of growth than strongly time-varying macroeconomic indicators. In this way we abstract from all level differentials in GDP growth and analyse the impact of deviations from individual levels.
Several time-varying country-specific variables are found to affect growth in the literature (see e.g. Barro & Sala-I-Martin (1995) ). Our focus is to measure the impact of inflation on growth. Omitting other variables from the empirical specification is only a problem when any of these variables is correlated with inflation. One might argue that, for example investments are positively correlated with both inflation and growth. If this is the case and contemporaneous inflation happens to be positively correlated with growth without controlling for investment, we can suspect that a great part of this obtained positive correlation reflects an underlying variation from investments.
On the other hand, if no correlation between inflation and growth is found and one believes that there exists a negative relationship, it must be the case that there exists a variable that is positively related to inflation but, in contrast to inflation, enhances growth. Such a variable is difficult to find.
Besides the problem of unobserved heterogeneity potentially correlated with inflation, there are two other problems which make it difficult to obtain an accurate estimate of β. First, growth might adjust slowly to changes in other variables in the economy implying that growth might be characterised by persistence over time. In terms of the model presented above with one lagged dependent variable, ρ has to be estimated in addition to β. Second, inflation and GDP growth might be simultaneously determined, suggesting that the correlation might go in both ways. In this case there will be a correlation between inflation and the pure error term i.e. E(X it ν it ) ≠ 0. 8 To deal with these issues we estimate a dynamic panel data model applying techniques suggested by Arellano & Bond (1991) as well as Arellano & Bover (1995) and Blundell & Bond (1998) . 8 This will also be the consequence when inflation is measured with errors. The series are continuously updated in order to increase the quality implying that measurement errors is not The Arellano and Bond estimation methodology involves eliminating the individual effects by transforming ν i into first differences. The constructed correlation between the first difference of the lagged dependent variable, ∆y it-1 , and the first difference of the error term, ∆ν it , is handled by using values of the lagged dependent variable in time period t-2 and earlier as instruments for ∆y it-1 . The crucial assumption for these lagged levels to be valid instruments is absence of serial correlation in ν it . 9 To obtain a consistent estimator of ρ and β the General Method of Moments (GMM) is applied. We denote this estimator by GMM y . Absence of serial correlation in ν it also makes it possible to instrument inflation by its lagged values to solve a potential endogeneity problem. A variable is said to be endogenous if E(X it ν is ) ≠ 0 for t ≥ s but E(X it ν is ) = 0 for t < s. Thus, inflation levels in time period t-2 and earlier can be used as instruments for the first difference of inflation. The estimator used when both the lagged dependent variable and inflation are instrumented is denoted by GMM y,x .
When series are highly autoregressive and when the panel is relatively short, the Arellano & Bond estimator has been found to perform badly, both in terms of consistency and efficiency. Arellano & Bover (1995) and Blundell & Bond (1998) have developed an alternative estimator that is a linear combination of the Arellano & Bond estimator and an estimator using lagged differences as instruments for equations in levels. Lagged differences are valid instruments for levels under relatively mild assumptions. This system estimator puts larger weight to the equation in levels, the more autoregressive the series are. Since in particular inflation is highly autoregressive, we also apply the estimator suggested by Arellano & Bover (1995) and Blundell & Bond (1998) .
likely to be a problem for the years included in this study. 9 To test the validity of this assumption we report tests for the absence of first-order and second-order serial correlation in the first differenced residuals. If the disturbances are not serially correlated, there should be evidence of significant negative first-order serial correlation in differenced residuals and no evidence of second order serial correlation in the differenced residuals. In addition, a Sargan test of over-identifying restrictions is also reported.
GDP GROWTH COSTS OF INFLATION: INTER-COUNTRY EFFECTS
We now examine the sample heterogeneity by investigating the inter-country effects for various subsamples. We experiment with partitioning the data set into sub-samples. For some sub-samples we find a positive and significant correlation between average inflation and average growth. This is the case during the entire period for the OECD-countries, excluding two clear outliers, Iceland and Japan (see Figure 5) and also for the entire sample during the first half of the 1960s. It is interesting to note that the results are highly insignificant for Sample B.
The correlation between individual effects and the explanatory variables is -0.07 for this sample. 11 These simple exercises indicate that there is strong 10 Averages in all of the figures are calculated only with respect to years where we record both inflation and growth. 11 Using the Hausman-Taylor test, we cannot reject the hypothesis that this correlation is zero. The result for this sample is highly insignificant. However, this test presumes correct unobserved country heterogeneity. 12 To investigate this we apply within estimators to examine the effect of the inflation rate and inflation variability on growth. Table 1 summarises our regression results for contemporaneous inflation and growth. Running a fixed effects model for the whole sample yields a negative and significant correlation between inflation in one year and growth in the same year. Controlling for time fixed-effects does not change the results substantially.
CONTEMPORANEOUS CORRELATION OF INFLATION AND GDP

GROWTH
To investigate the over-time stability of the results we estimated fixed effects models using annual data for five-year periods. The time effects on an annual basis might not capture period-specific global shocks since such shocks do not influence economies simultaneously. This means that potential inflation effects might be period specific rather than year specific. Another point of this exercise is that some individual effects might, in principle, be time invariant during the entire sample period but others might change dramatically, though not on a year-to-year basis. Considering a period of five years, it can be assumed that most important growth determinants, such as institutions, human capital endowments, capital and industry structure, are usually unaltered.
Regressions for five-year periods disclose a large instability in the results. The coefficient for inflation is insignificant for the five-year periods between 1960 and 1975, regardless of whether we include the countries with extreme inflation records and negative average growth (Sample B) or not. For the whole sample and for the periods 1975-1979, 1985-1989 and 1990-1995 there is a significant negative effect. For the period 1985-1989 the negative effect does not apply to Sample B.
- Table 1 about herespecification, which is hardly justifiable in this case. 12 The estimates for the budget deficit (not reported here) are negative and quite stable. The complete results are available from the authors on request.
We interpret these results as implying that the statistical relation between contemporaneous inflation and growth is highly period specific. There is a robust intra-country and year negative correlation between inflation and growth for the decade after the mid-1970s and for the 1990s. While there is no significant effect for the 1960s the results for the 1980s hinge critically on the inclusion of countries with extreme inflation records and negative average growth.
The negative correlation between inflation and growth applies for periods dominated by oil price shocks. These results contradict some of the previous results reported by Fischer (1993) , who rejected the hypothesis that the negative correlation during the 1970s reflects supply shocks. 
DYNAMICS AND CAUSALITY ISSUES
The growth rate might be persistent over time, implying that lagged dependent variables should be included in the empirical growth equation. In terms of the model given in section 3 and with one lagged dependent variable as regressor we must estimate ρ in addition to the β coefficient vector. GMM y denotes the estimator when the lagged dependent variable is instrumented.
Further, there are theoretical arguments implying that causality might run in the other direction. In particular, these arguments suggest that we should expect to find a negative correlation between inflation and lagged growth, due to a money demand effect. 13 To deal with this problem we also instrument the 13 Granger-causality tests on time series of inflation and GDP growth on individual countries do not provide evidence of causality of inflation on GDP growth in 84 out of 115. In 14 cases we found evidence causality: 8 negative and 6 positive. Andres & Hernando (1997) perform Granger-causality like tests on the panel of OECD countries, under the strong assumption of a inflation rate by its lagged values in a similar fashion as for the lagged dependent variable. GMM x,y denotes the estimator when the lagged dependent variable and inflation are instrumented with lagged values.
The results using the GMM y -estimator confirm essentially the results of the within estimator presented in the previous section (see column 1, Table 2 ).
The only significant coefficient of contemporaneous inflation for Sample A is for the seventies. In contrast to the case when the within estimator was used there are no significant effects after 1985. Regarding the Sample B there are two periods, 1970-1974, 1980-1984 and 1990-1995 , with a negative and significant coefficient for inflation. 14 When contemporaneous inflation is treated as endogenous the results change slightly (see column 2, Table 2 ). The results when using the GMM y,xestimator yield significantly negative coefficients of inflation for both samples in the period 1975-1979 and also a significant coefficient for Sample A in 1990-1995. That was also the case according to the within estimator.
- Table 2 about hereAccording to these results it seems to be important to consider inflation as an endogenously determined variable since there are substantial changes in the significance level for some of the periods. The main conclusion from this exercise remains, however. The correlation between contemporaneous inflation and growth is highly period specific and a negative relationship between inflation and growth seems to be driven by the oil price shocks. 15 The coefficients reflecting persistence in growth (not presented in the Table 2 ) are in most periods insignificantly estimated using both the GMM y -and the GMM y,x -estimators. 16 common dynamics of GDP growth and find mixed evidence similar to ours. 14 Test statistics for AR (1) and AR (2) indicate that the residuals are not random walk and imply absence of serial correlation. This supports the hypothesis that the lagged values of growth as instruments is valid which is also confirmed by Sargan test. According to the Sargan tests we cannot reject that the instruments are uncorrelated with the errors implying validity of our instruments. 15 Tests for serial correlation in the disturbance term and the Sargan tests support the validity of the instruments also for the GMM y,x estimator. 16 The results are available from the authors. Furthermore, including several lags of the growth It could be argued that negative growth-effects of inflation are likely to appear with a lag. In column 3 of Table 2 we present the results applying the GMM y -estimator but where lagged inflation in period t-1 is used as regressor, which should certainly limit the problem of endogenous inflation. Above we dealt with this problem by instrumenting contemporaneous inflation. Here, we extend the analysis by instrumenting lagged inflation using the GMM y,xestimator (see column 4 of Table 2 ). There are no negative significant coefficients of lagged inflation, using the GMM y or the GMM y,x -estimators.
The only exception is for the period 1975-1979 and Sample B using the GMM y,x -estimator. 17 Sensitivity analyses suggest that neither the GMM y -estimator, nor the GMM y,x -estimator is sensitive to the number of lags used as instruments.
Furthermore, if contemporaneous inflation is endogenous, lagged values of inflation might still be correlated with the error term in time period t. This is particularly a problem if inflation is highly autoregressive, which is certainly the case in our data. For example, if lagged inflation in period t-2 is correlated with the error term in time period t-1 it constitutes a poor instrument for the first difference of inflation. To deal with this issue we have uses lagged levels of inflation in period t-3 and t-4 as instruments to the first difference of inflation which, however, does not alter the previous results. 18 Finally, lagged values are poor instruments to first differences if the series are highly autoregressive since the instrument in that case will be weakly correlated to something which is close to zero. This is a minor problem regarding the lagged dependent variable since the estimated persistence is estimated to be very small. The problem could exist for inflation since inflation is highly autoregresive for many countries. Hence, we apply a linear combination of the estimator on differences (i.e. the GMM estimator used here) and an estimator on levels using differences as instruments, proposed by rate as regressors can also extend the empirical specification. This did not, however, contribute to the analyses. 17 It should be noted that including several lags of inflation in one empirical specification does not alter the conclusions. Most of the estimated coefficients are insignificant. Arellano & Bover (1995) and Blundell & Bond (1998) . Briefly, the higher persistence of the series the more weight will the system estimator put on the estimator on levels implying that the poor instruments of levels for differences will be of less importance. The system estimator does no alter the previously obtained results. 19 Another issue is whether high and variable inflation -not only the inflation level -is harmful for growth. A commonly used measure of inflation variability is the standard deviation of inflation. This measure is sensitive to the inflation levels and naturally highly correlated with average inflation. Without having distinguished between effects of the inflation level and variability, the conclusion in previous studies (see, for example, Fischer (1993) and Barro (1995) ) has been that high and variable inflation is harmful for growth. To examine the hypothesis, we estimate models including an interaction variable between inflation and its standard deviation for each year, calculated from quarterly inflation data. The estimated coefficient for the interaction-variable is not significant, suggesting that high and volatile inflation is not generally harmful to growth.
The coefficient of variation (CV), which is a level-independent measure of variability and measures relative variation, can be used to study the relation between long-term inflation variability and the rate of growth. Not surprisingly, results of correlation analyses imply that the average and CV of inflation are not significantly correlated. The CV of inflation for five-year periods (fixed effects model as well as regressions on country averages over the entire sample period), does not suggest a statistically significant relation between inflationvariability and the rate of growth.
CONCLUSION
Several recent empirical studies appear to suggest growth costs of macroeconomic instability. Disregarding countries with extreme records of inflation and negative 36-year average growth, we find no systematic intercountry correlation between inflation and growth.
There is a systematically negative correlation between contemporaneous inflation and growth for periods characterised by oil price shocks. It is also no surprise that high inflation and low growth are often observed in countries that have suffered civil wars or at least internal turmoil during a substantial part of the period.
Results of our dynamic panel data analysis, taking into consideration the endogeneity of inflation and dynamics of GDP growth, indicate that there is no evidence supporting the idea that inflation is generally harmful to growth. i) *, ** and ***., denotes significance at 10, 5 and 1 percent level. All specifications include budget deficit and year dummies. ii) The results of the fixed effects model estimated, as proposed by Wansbeek and Kapteyn (1989) , are almost identical to the estimates obtained from individual fixed effects model including time dummies. For the entire period, we obtained an estimate of -0.00105 with a t-ratio of -4.279, which is quite close to the coefficients when year dummies are included. iii) We tested for attrition by including a dummy variable taking the value 1 when the preceding year is not missing and zero otherwise. This variable turned out to be insignificant, which we interpret as evidence that the attrition problem is not decisive for our results. iv) We also check for panel specific auto-correlation. Results are essentially the same.
Contrary to the properties of our sample, one should only employ an autoregressive model when the time dimension is larger than the cross-section dimension. Running an autoregressive model in a complete panel of 15 countries in 36 years yields essentially the same results. -3.94**/0.85 20.72 NOTES i) *, ** and ***., denotes significance at 10, 5 and 1 percent level. Results are robust for including budget deficit in the estimations. ii) All models include yearly dummies. The GMM-y estimator uses instruments for the lagged dependent variable. The GMM-y,x estimator uses instruments for the lagged dependent variable as well as instruments for the inflation rate.
iii) AR (1) is the test-statistica for first-order serial correlation in the first differenced residuals. AR (2) is the test-statistica for second order serial correlation in the differenced residuals. The Sargan Test is the test-statistica for overidentifying restrictions. 
